Abstract: AgOTf·Phosphoramidite complexes catalyze efficiently the enantioselective Mannichtype reaction between benzophenone-imine glycine methyl ester and N-tosyl aldimines in the absence of base. The corresponding syn-adducts, which are direct precursors of α,β-diamino acids, are obtained in moderate to good syn-diastereoselectivities (up to 9:1) and high enantioselectivities (up to 99% ee).
Introduction
The asymmetric Mannich reaction is a very useful methodology for the preparation of enantioenriched β-amino carbonyl compounds where the absolute configuration of two stereogenic centers can be defined simultaneously. 1, 2, 3 There are many type of enolates which are able to add to imines by intermediacy of chiral metal complexes or organocatalysts. Interestingly, in the case of using Schiff bases derived from α-amino esters 1 as nucleophiles and imines 2, protected α,β-diamino esters 3 can be straightforwardly prepared. After deprotection α,β-diamino acids 4 are easily generated, which are biologically relevant 4 and also chemically attractive due to their use as chiral building blocks 5 (Scheme 1). Apart from this Mannich-type reaction, the asymmetric amination of α,β-unsaturated acid derivatives, and the catalytic hydrogenation of bis-(amido)acrylates diamino are two additional routes to achieve them. 
Scheme 1. General Mannich-type reaction between imino esters and N-protected imines
The enantioselective reaction of imino esters 1 with N-protected imines shown in Scheme 1 has been successfully performed in the presence of chiral organocatalysts 5 7a and 67 b or chiral metal complexes 7-15 8 ( Figure 1 ). The reactions involving organocatalysts 5 and 6 afforded almost exclusively the syn-3 diastereoisomer with excellent enantioselections. 9 The syn-diasteroisomer was also the major isolated product when chiral copper complexes were employed. The unique exception was registered when the major anti-3 diastereoisomer was isolated in good enantioselectivities after the reaction with copper(I) complexes 11 and 12. In the case of aldimino esters 1 (R 1 = H, R 2 = Ph) the anti-3 diastereoisomers were isolated with excellent enantioselectivities, a bulky N-(8-quinolyl)sulfonyl protecting group being needed.8 i Copper salts are mainly employed and only one contribution employed a chiral 15·silver acetate complex affording the syn-diasteroisomers as major products.8 15, 16 In this work, we will describe the application of these silver chiral complexes 17 in the Mannich type reaction of glycine benzophenone Schiff bases and protected aldimines. 
Results and Discussion
The selected reaction for the optimization conditions involved the glycine benzophenone imine derivative 1a (R 1 = R 2 = Ph, R 3 = H and R 4 = Me), benzaldehyde N-tosylimine 2a (PG = Ts), triethylamine (5 mol%) as base, and AgOAc (5 mol%) in toluene as solvent at room temperature for 1 d (Scheme 2). The reaction performed with (S)-Binap 16 was first evaluated in the presence and in the absence of triethylamine. High conversions and 67:33 syn:anti diastereomeric ratios of compound 3a were obtained in both cases. Surprisingly, the highest enantioselection was observed for the syn-diastereoisomer when no base was added ( The scope of the reaction was investigated under the optimized reaction conditions using toluene as solvent at room temperature. The reaction catalyzed by the complex AgOTf·(S a ,R,R)-18 gave the same results than those reported by using (R a ,S,S)-18 ligand but obtaining the opposite enantiomeric form ent-3 ( Table 2 , entry 2). Different aldimines were prepared according to known methods and directly employed as electrophiles in the titled Mannich type reaction with imino ester 1a. In general, if a comparison is established between product 3a (Table 2, entry 1) and the different 3b-3l molecules, the presence of a substituent in the ortho-position in the arene moiety produced a lowering of the enantioselection of the corresponding major syn-3 diastereoisomers (Table 2 , entries 3-5). However, halogenated aryl groups provided the highest ee in these series ( Table 2 , entries 4 and 5) with moderate diastereoselection. The m-ubstituted chloroarene in imine 2 moiety afforded the best diastereoselection of the whole study but again very low enantiomeric excess was found for both the syn-and anti-isomers 3e (Table 2, entry 6). The effect of the para-substitution was very similar to those observed in the examples run with ortho-substituted arenes, that means low ee for the examples whose substituents were different from halogenated atoms ( Table 2 , entries 7-11). In this case 4-fluoro and 4-bromoarenes gave 99% ee and 80% ee, of the major syn-diastereoisomers 3h and 3j, respectively. Heterocyclic substituents bonded to the imino group were also good precursors for a high enantioselective Mannich-type addition. Thus, 2-furyl derivative afforded 92% ee of 3k and 2-thienyl surrogate furnished 78% ee of 3l with a 75:25 dr in both cases ( Table 2 , entries 12-13). Despite being the reaction completed, chemical yields were moderate due to the instability of the final iminoesters 3 during purification using flash chromatography. This Mannich type reaction can be rationalized on the basis of the models proposed by different authors.8 f The freshly generated azomethine ylide is coordinated by silver atom and the nucleophilic attack occurs to the tosyl imine whose arylsulfonyl group is placed far away from the benzylidene moiety of the dipole (Figure 3 ). In this transition state an additional coordination between silver and sulfonamido group cannot be ruled out. 
Conclusions
The chiral complex formed by phosphoramidite 18 and AgOTf (1:1 molar ratio) was the most effective catalyst in the Mannich-type reaction between imino esters derived from benzophenone and N-tosylimines. No extra base was needed for the reaction completion, so it acted firstly as Lewis acid coordinating the imino ester and the corresponding counteranion has the base role required for the α-deprotonation. Both chemical yields and diastereomeric ratios of the major synproducts were moderate to good. The syn-selectivity was in agreement with the data reported in the literature. The presence of heteroatoms and para-halogenated arenes in the aromatic part of the imine afforded the best enantioselections (up to 99% ee). 
Experimental Part
General. N-Protected imines 2 were prepared according to the published methods.8 Anhydrous solvents were freshly distilled under an argon atmosphere and degasified by Freeze-Pump-Thaw methodology. Aldehydes were also distilled prior to use for the elaboration of the imino esters 1 and imines 2. Melting points were determined with a Reichert Thermowar hot plate apparatus and are uncorrected. Only the structurally most important peaks of the IR spectra (recorded whit a FT-IR 4100LE (JASCO) (PIKE MIRacle ATR) are listed.
1 H NMR (300 MHz) and 13 C NMR (75 MHz) spectra were obtained with a Bruker AC-300 by using CDCl 3 as solvent and TMS as the internal standard, unless otherwise stated. Optical rotations were measured with a Perkin-Elmer 341polarimeter. HPLC analyses were performed with a JASCO-2000 series equipped with a chiral column (detailed for each compound in the main text) by using mixtures of n-hexane/isopropyl alcohol as the mobile phase at 25 ºC. Low-resolution electron impact (EI) mass spectra were obtained with a Shimadzu QP-5000 by injection or DIP, and high-resolution mass spectra were obtained with a Finnigan VG Platform or a Finnigan MAT 95S. Analitical TLC was performed on Schleicher & Schuell F1400/LS 254 silica gel plates and the spots were visualized under UV light (λ = 254 nm). Merck silica gel 60 (0.040-0.063 mm) was used for flash chromatography.
General procedure for the Mannich-type reaction.
In a 10 ml vial covered by aluminum foil, was added AgOTf (1.54 mg, 0.006 mmol), phosphoramidite 18 (3.24 mg, 0.006 mmol) and toluene (2 ml), and the mixture was stirred at room temperature for 1 h. Benzophenone imine derivative 1 (0.120 mmol) and N-tosylimine 2 (0.144 mmol) were added. The reaction was stirred 1 d at room temperature and the crude was analyzed by 1 H RMN spectroscopy to determine the diastereomeric ratio, and then purified by flash chromatography (n-hexane:EtOAc; 15% of EtOAc), affording the products syn/anti-3. 126.8, 126.9, 127.1, 127.3, 127.4, 128.1, 128.3, 128.6, 128.9, 129.2, 130.9, 135.5, 138.2, 138.5, 139.0, 142.8 125.6, 126.5, 126.8, 127.0, 128.3, 128.5, 128.9, 129.2, 129.7, 130.1, 132.4, 169.7 syn ; 172.9 syn (CO, CN) ; MS (EI) m/z (%): 526 (0.23), 194 (42), 165 (12), 118 (78), 117 (13), 91 (100), 65 (15). ]-3-(4-methylphenylsulfonamide)-3-(o-chlorophenyl) 126,7, 127.1, 127.5, 127.9, 128.3, 128.6, 129.0, 129.3, 129.7, 130.0, 130.9, 132.4, 135.3, 136.4, 137.8, 138.5, 143.0, 169.9 syn , 172.6 syn (CO, CN); MS (EI) m/z (%): 547 (0.15), 258 (33), 194 (35), 165 (10), 155 (33), 91 (100), 65 (10). 13 C-RMN δ C : 21.4 (Me), 51.9 (C syn NH), 58.4 (C syn N=), 66.5 (OMe syn ), 126.7, 127.2, 127.3, 127.5, 127.7, 128.0, 128.6, 129.0, 129.3, 129.7, 130.0, 130.9, 132.6, 135.3, 138.5, 143.1, 169.8 126.6, 127.0, 128.3, 128.6, 128.9, 129.4, 129.5, 130.0, 131.2, 132.4, 134.6, 134.7, 143.2, 148.4, 148.6, 169.2 126.7, 127.1, 127.3, 128.2, 128.3, 128.5, 128.8, 128.9, 129.3, 130.0, 131.2, 137.8, 138.1, 143.1, 143.2, 169.3 syn , 173.6 syn (CO, CN) 2, 123.3, 126.6, 127.0, 127.2, 127.8, 128.2, 128.3, 128.6, 128.7, 128.8, 128.9, 129.4, 131.3, 135.1, 137.7, 137.9, 143.4, 145.1, 146.7, 147.1, 169.1 syn , 169.4 anti , 173.9 syn (CO, CN) ; MS (EI) m/z (%): 557 (0.13), 194 (44), 165 (12), 155 (36) , 91 (100), 65 (10). ]-3-(4-methylphenylsulfonamide)-3-(p-fluorophenyl) propanoate syn-3h + anti-3h:8 e 30.6 mg; 48% yield; HPLC: (Daicel Chiralpak OD-H), hexane/i-PrOH 90/10, flow rate 0.6 ml/min, t R : 13.4 min (syn), 14.8 min (anti), 17.1 min (anti) and 32.6 min (syn), 254 nm; IR ν max : 3289, 2971, 1753, 1628, 1509, 1428, 1328, 1156, 1081, 736, 697 114.9, 126.5, 126.8, 127.0, 128.2, 128.4, 128.9, 129.2, 129.7, 130.0, 131.0, 132.4, 138.0, 142.9, 169.5 126.4, 126.8, 127.0, 128.2, 128.5, 128.9, 129.3, 129.7, 130.0, 131.1, 133.2, 135.3, 137.5, 138.2, 143.1, 169.5 13 C-RMN δ C : 21.4 (Me), 29.7, 52.4 (C syn NH), 58.9 (C syn N=), 69.6 (OMe syn ), 126.8, 127.1, 128.2, 128.5, 128.6, 128.9, 129.3, 130.0, 131.2, 138.2, 143.1, 169. : 3267, 2971, 2360, 1739, 1277, 1158, 1075, 812, 700, 665 13 C-RMN δ C : 21.4 (Me), 52.5 (C syn NH), 55.9 (C syn N=), 69.9 (OMe syn ), 125. 3, 126.2, 127.0, 128.2, 128.3, 128.5, 128.8, 129.1, 129.2, 130.1, 131.0, 132.4, 142.8 107.8, 110.4, 125.3, 125.5, 126.2, 126.4, 127.0, 127.9, 128.1, 128.5, 128.8, 129.0, 129.2, 129.3, 129.7, 131.0, 136.7, 139.0, 162.2, 169.3 syn , 173.8 syn (CO, CN) ; MS (EI) m/z (%): 518 (0.47), 194 (40), 165 (10), 155 (22), 91 (100), 65 (10).
Methyl 2-[(diphenylmethylene)amino]-3-(4-methylphenylsulfonamide)-3-phenylpropanoate syn-3a

Methyl 2-[(diphenylmethylene)amino]-3-(4-methylphenylsulfonamide)-3-(o-methylphenyl)propanoate
Methyl 2-[(diphenylmethylene)amino
Methyl 2-[(diphenylmethylene)amino]-3-(4-methylphenylsulfonamide)-3-(o-bromolphenyl)propanoate
Methyl 2-[(diphenylmethylene)amino
Methyl 2-[(diphenylmethylene)amino]-3-(4-methylphenylsulfonamide)-3-(p-chlorophenyl)propanoate
